We present radial tracks for four early-type galaxies with embedded intermediatescale discs in a modified spin-ellipticity diagram. Here, each galaxy's spin and ellipticity profiles are shown as a radial track, as opposed to a single, flux-weighted aperturedependent value as is common in the literature. The use of a single ellipticity and spin parameter is inadequate to capture the basic nature of these galaxies, which transition from fast to slow rotation as one moves to larger radii where the disc ceases to dominate. After peaking, the four galaxy's radial tracks feature a downturn in both ellipticity and spin with increasing radius, differentiating them from elliptical galaxies, and from lenticular galaxies whose discs dominate at large radii. These galaxies are examples of so-called discy elliptical galaxies, which are a morphological hybrid between elliptical (E) and lenticular (S0) galaxies, and have been designated ES galaxies.
INTRODUCTION
The extent to which rotation is present in galaxies has been a widely explored topic for decades. Rotation profiles for spiral galaxies have been studied since the late 1930s (Babcock 1939) , but due to the lower surface brightnesses of the outer regions of early-type galaxies (ETGs), studies of their rotation profiles did not commence until later. A sample of ETGs were observed to be elongated (Sandage et al. 1970) , which was expected to be due to rotation (Larson 1975) . Early measurements of rotation profiles in lenticular (S0) galaxies confirmed the expectation of strong rotation (Williams 1975) . Astronomers were then surprised by data suggesting that there was little rotation in some elliptical (E) galaxies (e.g. Bertola & Capaccioli 1975 , who measured no rotation in the flattened elliptical NGC 4697). This unexpected finding led to much research regarding the nature of rotation versus Email: sbellstedt@swin.edu.au anisotropic velocity dispersion (e.g. Illingworth 1977; Binney 1978; Schechter & Gunn 1979; Davies 1981; Kormendy & Illingworth 1982; Davies et al. 1983) .
One of the early manners in which information about rotational support was condensed was the so-called Binney (1978) diagram. This diagram presented the ratio of the maximum rotational velocity to the central velocity dispersion v/σ against the ellipticity for individual galaxies. In particular, this diagram was used by Binney to address the question of how galaxies that are not rotationally supported can be elongated by anisotropy. Davies et al. (1983) later used this diagram and noted that fainter ellipticals (MB > −20.5 mag) tended to be rotationally supported, whereas brighter ellipticals (MB < −20.5 mag) were pressure supported by near-isotropic velocity dispersion.
The use of this diagram was ideal for longslit data, in which a maximum rotation value along the major axis and a central velocity dispersion could be measured. With the increasing use of two-dimensional spectroscopy, in particu-lar via integral field units (IFUs), much more information was available with which to characterise the kinematics of galaxies. In order to utilise 2D measurements of both velocity and velocity dispersion within a specified aperture, an observationally-measureable, luminosity-weighted spin parameter, denoted by λR, was developed by the SAURON team (Emsellem et al. 2007 ). The use of spatial weighting allowed this parameter to better indicate the rotation of galaxies with nonconventional kinematics (whose properties could not simply be summarised by major-axis measurements, such as galaxies with kinematic twists and misalignments as was later discussed by Krajnović et al. 2011) . The main outcome of the use of the λR parameter by the SAURON (de Zeeuw et al. 2002) and ATLAS 3D (Cappellari et al. 2011a ) teams was to plot this parameter in conjunction with the ellipticity in a spin-ellipticity diagram to identify two classes of early-type galaxies according to their kinematics: fast and slow central rotators.
Despite the use of high-quality 2D kinematic data, the final results are still typically reduced to a single measurement for each galaxy. The breadth of information which can be gained from this diagram is further reduced by the fact that the position in this λR − space is dependent on the single aperture size, and does not differentiate between galaxies with constant or varying rotation in differing regions within the same galaxy, see figures 2 and 5 in Emsellem et al. (2007) . Additionally, ellipticity often changes with radius (as has been noted by numerous studies, e.g. Liller 1966; di Tullio 1978, and references therein).
The use of the λR − diagram and other kinematic diagnostics has challenged the traditional morphological classification of ETGs into elliptical (E) and lenticular (S0) types, as galaxies previously classified into these morphologies do not form two distinct kinematic populations. One reason for this is that inclination affects disc identification differently for photometric and kinematic techniques 1 . Moreover, photometric decompositions into bulge and disc components often produce inconsistent results, requiring the inclusion of 2D kinematic data to help break degeneracies in disc fractions and sizes. The presence of discs in some ETGs was therefore missed in earlier photometric studies. For example, Cappellari et al. (2011b) estimated that only ∼ 34 per cent of elliptical galaxies are correctly classified, and that the rest contain discs.
The observation of a 'morphological hybrid' -an ETG that displays properties somewhere in between those of ellipticals and lenticulars -has been noted in the past (Liller 1966) . The presence of these discs confined within the main spheroidal component of the galaxies has been analysed in photometric studies such as that by Scorza & Bender (1995) , where the comment was made that there was likely a continuity of disc properties at the low disc-to-bulge ratio end of the Hubble sequence. Such embedded discs have also been identified by Cinzano & van der Marel (1994) and Rix & White (1990) . Recently, and discussed the presence of 'intermediate-scale discs' in ETGs (i.e., discs that are intermediate in size between nuclear discs and large-scale discs), and their downturning ellipticity and spin profiles. Given that such discs come in a range of sizes, (Nieto et al. 1988; Simien & Michard 1990; Michard & Marchal 1993; Andreon et al. 1996; Krajnović et al. 2013 ) the motivation of separating galaxies purely into the binary classification of fast and slow central rotators could be questioned when considering that galaxies may all have fast and slow rotating components of varying proportions (as is evident in the works of, e.g. Arnold et al. 2014; Foster et al. 2016) . Graham et al. (2017) introduced the concept of plotting galaxies as tracks, rather than as single points, in a modified spin-ellipticity diagram, showing their movement as a function of galaxy radius. In this paper, we characterize such radial tracks in λ(R) − (R) diagrams for galaxies with intermediate-scale discs, and compare these with tracks of typical E and S0 galaxies. In §2, we describe our sample and the data used, and in §3 we outline our method. The results are given in §4, which we discuss in §5. We summarise and conclude in §6.
SAMPLE AND DATA
We focus on four galaxies from the SLUGGS (SAGES Legacy Unifying Globulars and GalaxieS) survey 2 (Brodie et al. 2014) noted to have declining spin profiles at large radii by Bellstedt et al. (2017, hereafter B17) . These galaxies are NGC 821, NGC 3377, NGC 4278 and NGC 4473. All are classified as elliptical galaxies, with circularised effective radii (Re) of 43.2, 45.4, 28.3 and 30.2 arcseconds (4.9, 2.4, 2.1 and 2.2 kpc), respectively. The kinematics for these galaxies behave differently in their outskirts compared to their inner regions, flagging them as potential examples of galaxies with intermediate-scale discs. NGC 4473 had been described by Krajnović et al. (2011) as a 'double-sigma' galaxy, characterised by two velocity dispersion peaks along the major axis, exhibiting two distinct inner and outer rotation components (Foster et al. 2013; Alabi et al. 2015) . Hence, NGC 4473 does not host an intermediate-scale disc, however we include it to depict the track diagnostic behaviour for such a galaxy. Kinematic maps of all four galaxies using SLUGGS data have been published by Arnold et al. (2014) and Foster et al. (2016) . Each of these galaxies displays fast rotation in the central region, which declines at larger radii.
Furthermore, for reference, we present an equivalent analysis for a typical E galaxy (NGC 4365) and a typical S0 galaxy (NGC 1023), and plot radial tracks for other ETGs in the SLUGGS sample. The data used within this study all come from the SLUGGS survey, and were taken with the DEIMOS spectrograph on the Keck II telescope in Hawaii. The data reduction procedures are given in previous papers (e.g. Arnold et al. 2014; B17) .
METHOD
Rather than simply plotting an aperture λR value against an average ellipticity, as commonly done in the literature, we plot "annular " values of both stellar spin and ellipticity measured at varying radii to produce tracks for individual galaxies. While comparisons of aperture spin measurements of different sizes have been made in the past (see for example, figure 6 in Raskutti et al. 2014) , our approach provides a clearer understanding of the overall kinematic structure of individual ETGs. To do this, we require measurements of both the ellipticity and spin λ profiles. Ellipticity profiles were taken from Spitzer data presented in Forbes et al. (2017), and we made new measurements of λ(R) at the corresponding radii from the SLUGGS kinematic data. These ellipticity profiles have been presented in Appendix A for each of the galaxies for which spin-ellipticity tracks have been plotted.
A slightly modified version of the technique outlined in B17 is used to measure λ(R). At each radius, an annulus of width 2 is defined with an ellipticity equal to the local isophotal ellipticity of the galaxy, allowing us to measure the local kinematic properties within this annulus. The ellipticity of each annulus varies according to the local measurement, as opposed to a uniform ellipticity value used by B17.
As in B17, 2D maps are produced using the Kriging technique (Pastorello et al. 2014) . Kriging produces interpolated 2D maps with an effective smoothing scale of 15 − 25 arcseconds, depending on the density of data points. It is the Kriged map, rather than the sparse data points themselves, that we use to calculate kinematic properties. All points in a specified annulus are used to measure both λ(R) and v/σ(R) with the expressions:
Here, R k , V k , and σ k represent the circularised radius, velocity and velocity dispersion of the kth Kriging point. The differential flux across a single annulus is neglected. As described by B17, the λ(R) measurement in each annulus is taken as the mean value of 100 bootstrap resamplings of the pixels within each annulus. This process ensures that the variation in pixel number per bin (a result of finite pixel resolution) does not affect the measurement. The spread in λ(R) values measured in each bin is typically 0.001-0.005, indicating that slight kinematic variations across a single annulus do not affect our measurement of the local stellar spin. We find that λ(R) and v/σ(R) scale as λ(R) = κ v/σ(R)/ 1 + κ 2 v/σ(R) 2 as described by Emsellem et al. (2011) , where κ 0.9, as opposed to κ 1.1 for global values. The minimum radius at which our tracks begin is 0.1 Re, and the maximum radial extent of our data is defined as the radius where the azimuthal data coverage within the annulus drops to 85 per cent.
To determine whether our relatively sparse spatial sampling of the galaxy kinematics, due to our use of multi-slit data rather than a contiguous IFU, affects our results, we compare our tracks with those produced by ATLAS 3D data over the central (< 1 Re) region. We confirm that the results are qualitatively the same. 
RESULTS
Before presenting the radial tracks of galaxies with intermediate-scale discs, we first display tracks typical of an E and an S0 galaxy. Figure 1 shows the radial track of the lenticular galaxy NGC 1023, and the slow rotator elliptical galaxy NGC 4365. We note that while NGC 4365 has been observed to host a central kinematically distinct core (Krajnović et al. 2011), we do not resolve this feature, and therefore the larger radii kinematics depict those of a typical E galaxy.
For NGC 1023, the ellipticity increases with radius, becoming more disc-like in its outskirts, as expected for an S0 galaxy containing a large-scale disc that dominates the light at large radii. This increase in ellipticity is associated with a gradual increase in both λ(R) and v/σ(R). At larger radii the rotation parameters and ellipticity increase more gradually than in the inner region, indicated by the radial bunching of the data towards the end of the track. Our data, and thus the track for NGC 1023, reaches a radial extent of ∼ 2 Re. The 'global' λR − value from ATLAS 3D (Emsellem et al. 2011) is indicated on the plot as a large square. Like the points of the radial track, it is coloured according to the maximum radial extent of the data, i.e. 0.40 Re (which is why the ATLAS 3D point is shown mid-way along the NGC 1023 radial track).
The track for NGC 4365 is much more stagnant. The ellipticity is roughly constant at 0.2 < < 0.3 within ∼ 1 Re, and both λ(R) and v/σ(R) show little change with radius. The ATLAS 3D data for this galaxy extend to 0.19 Re. Moving on to our four declining spin galaxies, we show the radial tracks of NGC 821, NGC 3377, NGC 4278 and NGC 4473 in Figure 2 . For each of these galaxies, it can be seen that there is a downturn with increasing radius in both spin and ellipticity, which generally occurs at ∼ 0.5 − 0.7 Re.
When the downturn of both properties occurs at the same radius, the track moves in an anticlockwise direction, as is the case for three out of the four galaxies. NGC 4473 is slightly different, in that the ellipticity downturn occurs at ∼ 1 Re, lagging that of the rotation which occurs at ∼ 0.5 Re. This results in a roughly clockwise track. This signature is due to the double-sigma nature of NGC 4473, which has a disc that is counter rotating w.r.t. a slowly-rotating outer region (Krajnović et al. 2011) . The counter rotating region has a diluting effect on the disc, which causes the λ(R) value to reduce inwards of the radius at which the local ellipticity transitions. Figure 3 displays tracks for 15 additional galaxies from the SLUGGS survey. The data for these tracks have previously been published in Arnold et al. (2014 ), Foster et al. (2016 and B17. Tracks for S0 galaxies move in a single direction toward the top right region of the plot, whereas tracks for E galaxies hover and remain in the bottom left region of the plot. The tracks for the three hybrid or ES galaxies from Figure 2 have been plotted as blue lines, and although the endpoints of the tracks coincide with those of the E galaxies, the structure of the tracks themselves are quite differentparticularly for NGC 3377, which strongly veers into the S0 region before turning down. The maximum radius for each track varies between 1 − 3 Re.
For clarity, we omit S0 galaxies with somewhat faceon discs (as identified in B17) from Figure 3 . Going from edge-on (i = 90
• ) to face-on (i = 0 • ), the measured rotation reduces from the intrinsic rotational velocity as v sin i. The effect of this reduced velocity measurement is to lower the λ(R) and v/σ(R) values. Hence, S0 galaxies with both lower intrinsic rotation and lower inclination will reside in the lower left region of the modified diagram. The same effect is evident in the aperture-based λR − diagram (see figure 15 of B17).
DISCUSSION
While the tracks for the three ES galaxies in Figure 2 are similar, each is unique in shape and size, revealing valuable insight into their host galaxy's structure and dynamics. Furthermore, these tracks, plus that for the double-sigma galaxy, highlight the amount of information that is not conveyed by single spin and ellipticity values. These galaxies display radial tracks very different to those of either typical elliptical or lenticular galaxies. These differences are not seen when summarising the rotational behaviour of galaxies with a single aperture spin and ellipticity value. Indeed, all four galaxies are classified as (centrally) fast rotators (Emsellem et al. 2011) .
For each galaxy in Figures 1 and 2 , we plot the λRe value from ATLAS 3D (Emsellem et al. 2011) as a large square. When using a larger aperture size, dramatic changes in the spin or ellipticity at greater radii will not strongly influence this value, since the flux-weighted measurement is driven by the rotationally supported galaxy centre (as portrayed in figure 9 of B17). Hence, using larger apertures to measure λR values will not necessarily be sensistive to the changed behaviour. Since it is this behaviour at greater radii that differentiates the kinematics of galaxies with intermediate-scale discs from those of S0 galaxies, it's capture is important. E S0 2σ ES Figure 3 . Tracks for SLUGGS galaxies in the modified spin-ellipticity diagram. Markers indicate the maximum radius end of each track. 2σ refers to the double-sigma galaxy NGC 4473. It can be seen that the structure of the E and ES (NGC 821, 3377, 4278) galaxy tracks are very different. Low-inclination S0 galaxies (see B17 for details) have been omitted from this plot.
Interestingly, NGC 4473 was one of the galaxies classified by Liller (1966) as an 'ES' galaxy, displaying characteristics midway between an elliptical and a lenticular galaxy, and was referred to as "ellicular" by . NGC 821, despite being previously classified as an E6 galaxy, was determined by Scorza & Bender (1995) to have a photometric stellar disc, while in the same study NGC 3377 was found to have an intermediate-scale disc within a boxy bulge. This disc within NGC 3377 was also identified by Arnold et al. (2014) from kinematics. Raimond et al. (1981) found an irregular, extended HI disc within NGC 4278 -a feature unusual in 'elliptical' galaxies. Hybrid elliptical/lenticular features have therefore been identified previously in each of these galaxies by varying methods, and the λ(R) − (R) diagram portrays the hybrid nature clearly.
We expect that the slowly rotating, bulge-like outer regions of galaxies with intermediate-scale discs exhibit tracks similar to the outer regions of elliptical galaxies, with no strong features or variation. Hence, when probed far enough out, the ends of their tracks would likely converge to a fixed point in spin-ellipticity space, unless there is a change of ellipticity in the galaxy outskirts. Although the SLUGGS data have a relatively large radial extent of ∼ 2 Re, it is still not far enough to confirm this behaviour for the three galaxies with intermediate-scale discs. Discs can come in a range of sizes relative to the galaxy Re, and as such their decline may or may not be detected by ∼ 2 Re. While NGC 4473 is not a typical spheroidal galaxy with an intermediate-scale disc (it is a double-sigma galaxy), the track does hover around a single point at larger radii, displaying elliptical-type behaviour in its outer regions.
The presence of intermediate-scale discs has been identified in some local ETGs, which have been interpreted as descendants of high-z compact massive galaxies that have experienced small amounts of disc growth (Graham et al. 2015 . Spheroid masses for NGC 821, 3377 and 4473 were measured by , and determined to range from 3.9 − 4.7 × 10 10 M . These spheroids are less massive than those of compact massive galaxies (∼ 10 11 M ) studied by Graham et al. (2015) , indicating that embedded, intermediate-scale discs occur within spheroids over a broad stellar mass range. Moreover, Graham et al. (2017) report a potential intermediate-scale disc in a dwarf ETG. If one assumes that the structural similarity between ES galaxies is indicative of a common formation path, then not only have the most massive 'red nuggets' at high-z undergone some degree of disc formation to form present-day galaxies, but this process may apply to high-z compact galaxies with a broad range of stellar masses.
In order to detect the presence and assess the prevalence of ES galaxies, it is necessary to analyse large galaxy samples. Several IFU galaxy surveys, including SAMI (Bryant et al. 2015) , MaNGA (Bundy et al. 2015) , and CALIFA (Sánchez et al. 2012) , are in varying degrees of completion, and for a subsample of galaxies will reach sufficiently large radii to make such assessments. They will be able to make statistical statements about the prevalence and radial range of intermediate-scale discs in ETGs to build on the statistics provided by the ATLAS 3D survey (Cappellari et al. 2011a) , and give a clearer indication of the kinematic feature that separates, or more appropriately unites, elliptical and lenticular galaxies.
CONCLUSIONS
We show that the use of radial tracks in an annulus-based spin-ellipticity λ(R)− (R) diagram is able to identify a population of discy elliptical early-type galaxies. This provides a significant advance over existing λ − diagrams. Discy elliptical galaxies display fast rotation within their inner regions and slow rotation within their outer regions where their discs no longer dominate. In early applications of the spin-ellipticity diagram, which used a single, central fluxweighted value of spin and ellipticity, such galaxies could not be uniquely distinguished from other ETGs and required alternative means of identification. The λ(R) − (R) diagram provides a succinct method of summarising both kinematic and photometric data within a single diagram, facilitating a quick determination of the galaxy behaviour.
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